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ABSTRACT SIMULATION OF PROCESSES

Blue hydrogen is a promising low-carbon energy source, produced The system relies on the ATR reactor, which converts methane, oxygen, and
efficiently through Autothermal Reforming (ATR) while capturing over 91% steam into syngas rich in hydrogen, supported by pre-heaters, heat exchangers,
of CO, emissions. This study enhances sustainability by converting captured and a water-gas shift reactor to enhance yield and reduce emissions. The
CO, into methane, reducing waste and maximizing resource utilization. captured CO; is then utilized in the PFR methanation reactor, where it is
With its economic feasibility and alignment with Saudi Vision 2030, blue converted into synthetic methane using a nickel-based catalyst, with

compressors and separators ensuring product purity.

hydrogen serves as a key transitional fuel, leveraging existing natural gas
infrastructure while paving the way for a cleaner energy future.

OBJECTIVE

Cumulative cash flow diagram

3000

*Efficient Blue Hydrogen Production using ATR with CCUS to minimize 1509 //"
CO; emissions. 2000 /,'
*Sustainable Hydrogen Process by converting CO, into synthetic 9 150 //
methane via the Sabatier reaction. P i Pd
*Cost Optimization through CO, recycling and reduced raw material z //
. q 50 .
consumption. § % //’
*Supporting Saudi Vision 2030 by promoting low-carbon hydrogen R 7
A 0\33/{55739\0”1213!415161?13@
solutions. 500 >
*Future Expansion Potential to meet rising demand in petrochemical 100
and energy sectors. e % Year
= Nawral gas
=oil . . .
Figure 1 Distribution of global - cou e STEMGEN Figure 2 Cumulative cash flow diagram
supply of primary energy by fuel . sioets and wasee
type in 2020 = Hydro
o 27.0%
i METHANATION PRODUCTION PLANT
Equipment Design ECONOMIC STUDY ' .
The system utilizes the ATR reactor (R-100) at 30 bar and 950°C to convert methane, steam, Table 4 Capital cost of Blue Hydrogen Table 5 Capital cost of Methanation
and oxygen into hydrogen-rich syngas, with a nickel-based catalyst inside the Plug Flow - - _
Reactor (PFR) ensuring maximum efficiency. An internal heat management system minimizes Equipment Type| Equipment Purchasing Cost ) ) Purchalsmg CO N C LU SI O N
external energy demands. The heat exchanger (E-101), a counterflow shell-and-tube system Code in millions of Equipment Type| Equipment Code c‘.)St' L Blue hydrogen production via ATR with
with a 169.9 m? heat transfer area, optimizes heat recovery and reduces thermal losses. The dollars millions co th ti hi d 99.99%
flash drum (V-101) separates 99% pure methane from water and CO, through pressure and of dollars 2 Mmethanation achieve : ©
temperature variations. This integrated design enables sustainable blue hydrogen i M-201 0.47 hydrogen purity, capturing 91% of CO,,
production, efficient CO, utilization, and enhanced economic feasibility. Mixer M-101 061 Mixer M-202 0.524 :
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